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ABSTRACT 

Computer-assisted Instructional programs have been 
developed at the state University College at Potsdam, New York, to 
teach basic concepts of music theory. The Computer-based Learning 
Experiences In Music Fundamentals (CLEF) project has spawned computer 
assisted Instruction (CAI) programs which use an IBM 360/30 
configuration with 2741 terminals and the Coursewrlter, BASIC, and 
APL languages. CLEF Is Intended for students at all levels of 
proficiency and provides an opportunity for flexible, self-directed 
study. These CAI programs In music theory, fundamentals, and Greek 
theory are collateral to cotirsework, are usually recommended rather 
than required, are available to all students, and are organized to 
permit the student to take what he wants when he desires It, . Future 
developments may permit CAI programs to teach harmonization, voice 
leading, cadience formulae, and compositional concepts; In addition, 
scores may be displayed, problem solving will be possible with APL, 
and electronic music can be studied using a FORTRAN-based program. To 
maximize CAI contributions, however, it will be necessary to overcome 
the assumptions that CAI must be programed Instruction (which, 
additionally. Is "friendly" to students) , and that the computer Is 
going to replace the teacher. (PB) 
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The computer/ an accepted and essential ancillary ccmponent of everyday operational 
jrocedures for business, industry, many professions and most branches of the sciences, h:vs 
-:si€rged as an extreaiely useful pedagogical tool. For the past several years, experiments 
exploring computer usage as part cf the instructicLal process have been conducted; the 
-:owi:»ut er ' s potential as a participant in the teaching or presentation of certain aspects of 
•jucic instruction, particularly theoretical concepts, only recently has been examined to any 
extent. 

A very impoirtant goal in the pre pa rat ion of computer- assisted in struct io rial progra ras in 
::,usic theory is the development of a networit of basic theoretical concepts within the tnind of 
the student. The content of the programs is deterEsined by the basic ne«d of music students 
^o acquire a mental bank cf fundamental data that can be used in a variety of applications, 
rhe development and i irpi efnenta tion of programs that utilize the computer's inherent 
rapabilit ?.es provide challenging opportunities for students and instructors. 

Since 1967, coni puter-a ssisted instructional programs in music theory have been develojied 
cir the State University College, Potsdam, Nev York. The branching and strand organization of 
ihe programs developed undor Project CLEF (CcmFWter- based Learning Experiences in Music 
rundacientals) constitutes a curricular grid that offers maxitnum flexibility in usage. The 
varied educational environment at the College provides an ideal, opportunity to rest the 
urograms as they develop. The positive responses and constructive suggestions from over six 
. :.undred students who have experienced various segments of the available program.*:, have 
■ rontributed to prograr.; development and have demonstrated vhe validity of computer usage in 
•t-he teaching of music. 

The programs primarily are designed for collateral and supplementary use with Music 
Theory or Comprehensive Musicianship courses. They have beeh prepared through collaboration 
•jt the Crane School of Music (Ralph J. Wakefield, Dean) and the Computer Science Department 
(Alan R. Stillman, Director) . 

Iritially, hardware included an IBM configuration and 1050 terminals* Since 19*69 

an IBh 360/30 configuration with 2741 terminals or 2260 CRT's has been in use. The principal 
i^rograirmi ng language is Coursewriter (modified versions cf II and III); some work has been 
'r3pared in BASIC, and currently, consideration is being given to APL. 

Musicianship, innate or to vhatovor extent developed, is not dependent solely on an 
understanding of music theory. It is impossible to become a complete musician,' howt?V(:'L, 
•'ithout possessing a thorough kncvlc-dge of the materials and structure of music. The study 
^f th^» th tore! icL=^. 1 cciicept of music cust plways parallel and be related to study i:i music 
:-iGtory, applied ciu.-.ic and perf or irance . husic theory must never become a rigid discipline, 
~o academic that it is ?* Ffrp^^rate study, an entity nurflst^^d to other aspects of musical 
indeavor, or even, perhaps, \.o music itself. 

The primary function of the ccnputer as a participant in muj:;ic instructional processes 
-s to ^)rovide mnYiPuc opportunity for self - dire cted study cl parameti ically delineated 
iroiicepts and materials. Intended for use by students at any level of proficiency, pro;^ram 
r.egments considered cost appropriate may readily he selected for. study or review. 

Because of its inher^jrit capabilities, the computer has the potential to provide a 
.'•odagogical thru.-.t of its cwi;. Unli>:c any other instrur ':ional aid, it can offer a variety of 
*. rogrammi ng capa'rii lities, ranging ftom the most simple linear sequences to extremoly compl^-^x 
~Toblen-s civing and simulation programs. 

A very important facet of Project CLEF is the opportunity available to test the 
- '--^ velopi n g program?:, iti a varied curricular and educational eii v i ron men t that involves Ki-^jny 
J*-i f f f-r^; nt x yp^'S cjnd levels of students. At Potsdam, '^Research, Dovelopment, Implementation 
^^nd Testing," hav^^i U^}L^L been linked to the particular content cf specified courses and have 
3^1vax-2 benefited tvoDi the ex|.'Oi: ir nces and comments from larcje numbers of students. 
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The- stvid*5nt enrollntont at the Crane School of Music, State University College at 
Potsdam, currently (1972*7.1) is approximately six hundred majors, including undergraduate and 
graduate students in a variety ot: concentrations. Typically, about ^half of these are 
•enrolled in ttnsic Theory or Comprehensive Musicianship courses, usually taken during the 
freshaan and sophomore years. The total student body of the College i^icludes approxlEoatel y 
'1,300 students representing a wiJe diversification of interests and needs. Many liberal'arts 
majors, outside music, elect music courses as part of their academic requirements. The 
computer-assisted instructional programs are available to all students on a sign-up basis. 
During any given semester, approximately one-third of the music majors and many other 
fjtudents experience various segments of the programs available. Additionally, the programs 
ate available to in-service area teachers, many of whom are enrolled in graduate courses. 



The paradigmatic organization of the CAI programs developed under Project CLEF reflects 
the basic philosophies of the duthors. 

1. The programs enhance and are collateral to courseworlc; thoy do not replace or 
represent 'any particular course.- 

2. The* programs are seldom required^ they are frequently recommended. 

3. The programs are available on a sign^up basis to all students. 

t*. The strand orgar.izat i cn of the programs allows the student to take all or any 
portion of the programs available; segments may be taken in any order, or repeated 
as often as desired. 



£l9a£^Ss\,curren tl^_in_use 

1- ^IllSiS ZhlSiLT !• uriits on Music Fundamentals. Dialogue, action response format; 
branching and strand organization; accompanying explanatory manual.. Units include 
sections on Intervals, Clefs, Trichords, Tetrachords, Scales, Hodes, Signatures, 
Transposition. 

2- ttysic Theory 11: 10 units. Multiple choice, recognition format, strand 
organization; accompanying reference manual cc"taining material related to 
questions. Units include sections on Scale and Chord patterns and structures. 
Signatures, Counterpoint, Harmorization, Analytical problems. 

\* ?iil§I£E2N: 10 units on Music Fundamentals. Dialogue, short answer iction response 
format; branching and strand organization. Program is designed primarily for 
students with limited background. Questions are randcmly selected b> computer from 
"question tanks" related tc each concept. Units include sections on Intervals, 
Tetrachords, Scales, Chords (various types) , Harmonization, Chord Progressions. 

lli^fitZ- Program is designed as a" study review of ancient Greek musical 
theoretical concepts. Information retrieval and questions are in random access 
format. The student may choose to have information only, information and related 
questions (for example, definitions, and applications), or questions only. 



Pl93E§SS_und6r_develg£ra£nt 

The addition of sound capability (interfaced organ, synthesizer, or other sound 
generation unit), planned tor the near future, cfters opportunity for the dev^^lopnent of 
dictation and identification exorcises, error recognition, melodic irovement, and certain 
problem-solving functions. A few examples follov: 



1. In an accompanying manual, or preferably through a visual display, the student is 
presented with a pattern such as: 



Paradigms 
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The computer "plays" the first three pitches, plus cne or tvo mor*?. The student 
then identifies the additional pitches by typing letter names or by pointing to 
their position cn the screen with a light pen {depending on hardware capahi lity) . 

< 2. In a manner similar to the above, the student is told the naaie of the first pitch, 
then several more are played — all of which he then identifies in order. 



Identified by computer 



Identified by student 



3. A chord is presented in the manual (or cn the screen) which differs from the one 
that is played. The "chord^* may be played as a vert ical ' sl.niultaneity or as an 
arpeggio. • i 



Written or displayed 



Played 



The student then identifies the "incorrect" note. 

A melody is presented on the screen vith certain notes marked "x". The melody is 
then played completely. The student indicates the isaneE of the missing pitches. 
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A e^lHiii-i iiEMs is presented in the manual or on the screen. The student is asked 
to write a counterpoint to the cantus firiiius, following rules discussed in class. 
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A chord progression is presented, over which tlie student writes a melody. 

Student 
writes 




riayed 



In each case, an incorrcrct designation or response by the student wou3d h^;' 

identilied niid ''cojr;[nent^d upon" by tlic? computer. A ccLrect response would receive 

an "0«K.'^ or similar statement ftoa: the machine; t}ie program would then go on to 
t)ie next question. 



Potential 

As more sophisticated eguipuont {hardv^are and software) becomes available at reasonable 
cost, program plaruiing bcccnies more challenging, rnore HexiMo, and oiuch more adapt diile to 
tli*^ ueeds of individual students. Th-? highly developed sl^tt:* cf the technologic^'^ art today 
of. lory an array of possibilities; for practical purposes, however r cnly a tew of t}K?.st? aue 
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presently available. Of these many dk^velopments, fcr the hopefully fairly near futufe the 
following are of particular interest: 

1. Tht? development of a tvo-way organ (or other k(=ybcard instrument) interface for 
te^aching harmonizaticns, voice leading, cadence formulae. The student way , thus 
'^play back" his retsponses, 

2. The ■ graphic tablet {Band tablet) with a dicticnary of machine recognizable hand 
generated symbols (alphanumeric and musical) , useful for teachin<j compositional 
concepts in various styles. 

3. An interfaced compute r-ranaged micrcfiche reader (random access of parfcicuLar 
frames is easier than with microfilm), useful fcr displaying scores and other 
nusical segments. 

U. The problem-solving capability of APL type languages offers an additional dimension 
to the teaching of musical concepts* 

5. The capabilities of the FOKTRAN-base d Music V program (developed at Bell 

Laboratories and recently modified as Mui^ic 10 at Stanford University) offer 

additional resources for the purposes of teaching miisical concepts and the study of 
certain aspects of electronic music. 



The computer has proved its validity as a participant in the pedagogical prccoss. The 

real potential of CAI lies in the direction of heuristic possibilities - flexible^ 

individualized^ guided instruction — and awaj^ frcm the concept of autCTiated programmed 

instruction linked to a course by course lock-step curriculum. 



Pro'blems 



Educationally speaking, we are in a period characterized by changing attitudes, 
cliallenges to established methods and procedures, and constant transition. Our continued 
effort raust be to try to ifnorove the- instructional process for all concerned-^not just look 
for n2w ways to present the old material better (faster?) . 

Unfortunately, CAI developnent has been hampered by certain initial and somewhat still 
persistent misunderstandings and misconceptions: a) that CAI musr be a kind of programmed 
Instruction; b) that the computer auast seem "friendly" to students (hence, the inclusion of 
"friendly, encouraging ccnwents" in many programs) ; c) that the coaiputer i.s going to replace 
the teacher. Instructional segments aay and do involve "prcgramaing" ; the best instruction, 
however, is not "programmed". It has been amply der.icnstrated at Potsdam tliat students come 
to the terminal tc study and the less dialogue used in the prograni the better. Obviously, 
the computer is not replacing anyone; certain tasks r;ay f:h,-ir,ge, however, and others may 
develop, as in any business as time gees on. litjpefully, these misconceptions are being 
clarified. The biggest and perhaps only problem is to determine the best ways to utilize the 
capabilities of the computer in an evor^changing educational environaient. 

Heeded at present are time and s\ip225I^« liSl?: to develop the teairi--auT:hor , progr anim ers , 
and technicians to write, d'3~bag, inpiement and test programs; 5u££ort (ad.Tjin ist rat 1 ve and 
financial) to provide prc<jr aj\mi ng cosipetence plus seme dollars fot hardware ^ind software. At 
this point, it would seem that large amounts cf money are unnecessary; sfitaller amounts are 
needed to enable the team to plan and work together to optimally utilize presently available 
Ctuuipwent — adapting and niitdifying as necessary for nusical applications* 



Conclusion 



Of the existing technologies available, only the computer can approach the 
d<:compl ishment of most o£ the instructional needr: that have alwriys been not to some degree 
and in one vay or another by the teacher in the classroom. As cany basic instructional needs 
are m-^t by technology, teachers become more free than ever before to conceptualize and 
interrelate with students the many facets of any particular di.'^cipline^ As a participant in 
the instructional process, the computer demonstrates the capability of offering a cybernetic 
rather than rigidly programmed approach. 



♦Address correspondence tc Dr. Earle Hultberg. 



